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1. INTRODUCTION 
1.1 Background 
The Conneaut Swamp Bridge on Interstate 79 was constructed 
in 1968 and opened to traf~ic in 1970. The twin bridge, separate for 
northbound and southbound traffic, consisted of sixty spans, each 
approximately 60 feet in length. The superstructure of each span 
included five 48 in. x 36 in. precast pretensioned box girders spaced 
at 9 ft.-3 in. center-to-center, supporting a deck slab 7-1/2 in. in 
effective thickness. The structural design of the bridge conformed 
to the standards of the Pennsylvania Department of Transportation as 
used at that time. 
In October 1974, an inspection of this bridge revealed more 
than ninety beams with horizontal cracks on the side faces (the total 
number of beams in this structure is six hundred). In subsequent 
inspections, the number of beams reported as exhibiting side cracks 
steadily increased, reaching 160 in October 1975 and over 300 in 
August 1976. Construction records showed that a number of these beams 
had shown side cracks before installation. Most of these cracks were 
essentially horizontal at an elevation near the top of the lower chamfer. 
However, at least five beams exhibited cracks in a diagonal direction 
consistent with the transverse shear in the member. There was con-
siderable concern that these beams might have impaired load-carrying 
capacities and might not be adequate in the long run under the antici-
pated increasing heavy traffic load on this arterial highway. 
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In the late summer of 1976 a contract was let by PennDOT for 
the resurfacing of this twin bridge which would involve closing each 
half of this bridge for approximately one month. Because of the con-
cern for safety of the beams with horizontal cracks, PennDOT decided 
to utilize this opportunity to replace two of these cracked beams on 
the bridge, and to have load tests conducted on them (Fig. 1). The 
test program, including both static and dynamic loads, was carried out 
at the Fritz Engineering Laboratory, Lehigh University. 
1.2 Objectives 
The objectives of the test program as stated in tbe original 
proposal: 
1. To develop a proper test program for a composite concrete 
bridge beam to determine its load-carrying capacity, taking 
flexural, diagonal tension, as well as horizontal shear into 
consideration. 
2. To assess the effect of existing horizontal and diagonal 
cracks in a prestressed concrete bridge beam on its load-
carrying capacity under dynamic loading. 
3. To identify critical weaknesses in the cracked beams of the 
Conneaut Swamp Bridge. 
4. To identify progressive failure modes of composite concrete 
bridge beams. 
5. To assess the fatigue life of composite prestressed concrete 
bridge members. 
-2-· 
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As the test results became available on the two test beams 
it became apparent that the defects were not seriously affecting the 
structural performances of the members. Attention was then focused 
on determining the safety of this bridge in its existing condition. 
1.3 Selection of Specimens 
Test specimens used in this program were composite sections 
including the precast prestressed concrete box girder and an unpre-
stressed cast-in-place deck slab. The slab width was selected to 
reflect the effective flange width for each beam in the multi-beam 
superstructure. 
The identification of beam members to be removed from the 
Conneaut Swamp Bridge for testing was influenced by several consider-
ations. At the time the decisions were made on these load testing pro-
grams, the resurfacing work on the northbound half bridge was a~most 
completed. Therefore, the specimens were selected from the southbound 
structure. To facilitate removal of these beams, accessibility to the 
area below the bridge was important. Obviously, the selected speci-
mens must show significant cracking on the side faces in order that 
their effect can be studied. However, because of constraints of the 
accessability, several beams with the most severe cracking could not 
be used. The specimens finally selected were two fascia beams, both 
near the north end of the southbound bridge over dry land. Beam 
BD 240 was the east fascia beam in span 48 (from the south end), while 
beam AN 221 was the- west fascia beam in span 45. Both beams exhibit 
-3-
numerous side cracks. Beam BD 240 also exhibited a prominent inclined 
crack. 
As both beams were fascia beams on the bridge, the slab 
overhang on one side was automatically defined. The saw cutting on 
the interior side was placed so that the overhang slab on both sides 
have approximately the same weight. The curb and parapet portion was 
removed in the field and not included in the test specimen. 
A survey of cracks was made in the field prior to removal of 
the members. This included marking the limit of cracks and measuring 
crack widths at selected points. After receiving the beams at Fritz 
Engineering Laboratory, crack lengths and widths were checked to 
determine the effect of handling and hauling. The same reference 
points were used for crack width measurements during testing. 
Figure 2 shows the framing plan of a portion of the Conneaut 
Swamp Bridge, and the location of the test specimens. Figures 3 and 
4 show typical cross-section of the specimens as actually tested. 
In Chapters 2, 3 and 4 descriptions are given to the planning 
of the testing, the actual testing, and the testing results of the 
first specimen, beam BD 240. Testing of the second specimen, beam 
AN 221, is described in Chapters 5, 6 and 7. Analysis and discussion 
of testing results from both.beams are given in Chapter 8. 
-4-
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2. DESIGN OF THE TESTING PROGRAM FOR BEAM BD 240 
2.1 Test Span 
Because of limitations in the testing facilities at Fritz 
Engineering Laboratory, it was not possible to test the specimens 
at precisely the same span length as they were supported on the 
bridge. Selection of test span was influenced by the fo~lowing 
factors. 
1. The actual span length of the specimen beam BD 240 
on the bridge was 58 ft. x 3-9/16 in. center-.to-center 
of bearings. 
2. The dynamic test bed of Fritz Engineering Laboratory· 
has 5 ft. modulus for locations of loading frames 
(Fig. 5). 
3. The end supports of the specimen in the laboratory were 
attached to longitudinal floor beams which allowed 
adjustments at 6 in. intervals for symmetrical loading. 
4. A symmetrical arrangement of loading on the specimen 
was necessary during testing, becau~e the loading fre-
quency of the member and an unsymmetrical loading could 
not be controlled. 
-5-
Based on these considerations, a test span length of 58 ft.-0 in. 
was selected. One fixed.and one rocker end support were used to 
simulate the fixed and sliding end conditions in the bridge structure. 
2.2 Loading Arrangements 
Test loads were applied by two 50 ton hydraulic jacks, placed 
equi-distant from the midspan section. The jacks were controlled by 
two pulsators hydraulically synchronized so that the two loads were 
always equal to each other, and the symmetrical ;,loading configuration 
was always maintained. Such a symmetrical arrangement was necessitated 
by considerations of the dynamic behavior of the specimen. Under 
dynamic load, the specimen would vibrate in essentially its fundamental 
mode, with the maximum displacement section always at the midspan 
section. The measurement of the member displacement was therefore 
greatly simplified. In addition, an unsymmetrical application of 
dynamic load would cause the.specimen to move in the longitudinal 
direction which was clearly unacceptable. 
It was agreed that the load points should be near the quarter-
span points which were crucial in the shear (diagonal tension) consider-
ations of prestressed concrete bridge members. In addition, it was 
desired that the one existing inclined crack should be placed totally 
within the shear span in order to allow normal growth, if any, during 
testing. Considering also the limiting 5 ft. module Qf the dynamic 
test bed, the load points were located at 16 ft.-6 in. from the 
centers of the end supports (0.28 of span length), leaving 25 ft.-0 in. 
between the two load points (Fig. 6). The position of the jacks made 
-6-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
it possible to produce approximately maximum design moment and maxi-
mum shear at the load points with the same jack loads. 
The test specimen was a fascia beam and was slightly unsym-
metrical in the strict mathematical sense (Fig. 3). In order to pre-
vent torsional deformation, the test loads should (theoretically) be 
displaced 1-1/2" from the longitudinal axis of the precast box section. 
It was decided to start the testing without any lateral displacement 
of the loads, and adjust the location of the jacks experimentally to 
produce bending without torsion. The final position of the jacks was 
within one inch of the longitudinal axis of the members. 
2.3 Service Load Test 
The testing of the specimen was designed to simulate the 
conditions of a typical interior beam on ·the bridge. 
For the service load test, the applied load in each jack 
would be alternating between a minimum and a maximum load. The 
minimum load was to simulate the effect of full design dead load on 
a typical interior beam on the bridge. The maximum load would simulate 
the total effect of design service dead, live and impact loads. 
In determining the total number of cycles to be run in the 
fatigue test, the follow2ng factors were considered: 
1. The AASHTO Specifications provided design criteria 
up to a maximum of two million cycles for steel 
structures, but no explicit provision for concrete 
5 
structures . 
-7-
2. Previous tests by Fritz Engineering Laboratory on 
similar bridge beams resulted in no fatigue failure 
after slightly more than two million cycles of 
loading7 . 
3. Recent tests by Portland Cement Association on some 
full size Type II AASHTO-PCI specimens used a test 
program of five million cycles of service loading, 
and reported some fatigue failure1 • 
Based on these considerations a five million cycle test 
program was initially selected. This was later increased to six 
million cycles to include a suitable portion of overload applications 
(Table 1). 
The applied jack loads were determined so that the bending 
moment in the specimen at the load section (16.5 ft. from support) 
would be equal to the total design moment. Because of the difference 
in load configurations (two-point loading in test setup versus uniform 
distribution for dead load and standard HS-20 truck load for live 
and impact effects), the shear force in the test specimen was slightly 
higher than the design shear. This was judged to be acceptable since 
diagonal tensile behavior was one of the primary concerns in this 
project. 
Calculations of the minimum and maximum jack loads to simulate 
service conditions for an interior beam are shown below: 
-8-
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For Minimum Jack Load 
Design dead load moment at load section* 
(including girder, slab, metal deck form, 
diaphragm, and future wearing surface) 
Moment due to specimen's own weight 
Additional moment needed 
Minimum jack load needed- 86 · 9 ft.-kips 
- 16.5 ft. 
For Maximum Jack Load 
Design service live and impact load moment 
at load section 
Equivalent jack load = 708.3 ft.-kips 16.5 ft. = 
Maximum jack load = 5.3 + 42.9 = 48.2 kips 
703.2 ft.-kips 
616.3 
89.9 ft.-kips 
708.3 ft.-kips 
42.9 kips 
The above values were calculated on the basis of static load 
application. During the fatigue test, the jack loads would be applied 
at a frequency of 250 cycles per minute. The dynamic response of the 
specimen would cause the internal stresses in the member to be higher 
than those when the load was applied statically. Therefore, to gener-
ate the desired internal stresses, the applied loads had to be reduced. 
A preliminary analysis indicated a dynamic amplification factor of 1.78 
(meaning the live and impact portion of jack load should be reduced 
* Design load was reproduced regardless of the properties of the 
material in bridge samples (later on found to be excessive to 
a very large degree) because the primary assignment was to find 
out if the bridge was safe in the "as is" condition. 
-9-
by this factor). The actual load used in the dynamic testing was con-
trolled by deflection measurements at the midspan section, and the need 
for accurately accessing this dynamic amplification factor was 
eliminated. 
2.4 Overload Testing Program 
a. Stages 
The overload testing was carried out in two stages. The first 
stage was designed to simulate the effect of all overload occurrences 
except the most severe ones. The second stage, including a small 
number of cycles of a higher overload, would represent the effect of 
these very severe overloads (between 55% and 75% above the legal load 
limit). 
b. Miner's Rule 
The basic concept used in the design of the overload testing 
program was Miner's rule of cumulative linear damages, which stated 
that fatigue failure would occur when 
where 
n. 
1 
-= 1 N. 
1 
n. = cycles of load P. 
1 1 
N. = cycles of load P. that, when applied alone, would 
1 1 
cause fatigue failure 
-10-
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Based on this rule, the total damage caused by a given distribution of 
overload spectrum could be reproduced by repeated application of a 
fixed overload, if the following relationship was satisfied 
where 
cpi = overload ratio, overload divided by standard load 
cpt = test overload ratio 
yi = frequency of overload cpi 
yt = frequency of test overload cpt 
n = slope of the S-N curve ::: 3 
It is known that the above relationship was not sensitive to the value 
of n. A value of 3 had been used successfully in the past in pre-
dicting damages in steel structures. The same value was used for this 
prestressed concrete specimen. 
c. Record of Overload Occurrence on Highway 
No research information was available on the distribution of 
overload traffic on the Conneaut Swamp Bridge, or on I-79. Information 
from a recent study on Bartonsville Bridge on I-80 (PennDOT Project 
75-17) 8 was used for guidance. It had been reported that on that 
bridge, approximately 35.2% of the truck traffic exceeded the legal 
limit of 73.28 kips for gross vehicle weight. Of these overload trucks, 
approximately 30%, or 10.5% of the total truck traffic, exceeded the 
legal limit by more than 10 kips, and approximately 1% (0.3% of the 
total truck traffic) exceeded the legal limit by more than 40 kips. 
-11-
Figures 7 and 8 are reproduced from Fritz Engineering Laboratory Report 
415.1 and show actually observed distribution of overload vehicles of 
various intensities. 
d. Design of Moderate Overload Test (Stage One) 
The stage one (moderate) overload was selected to reproduce 
the effect of approximately 99% of the overload spectrum. In line with 
the recorded distribution of overloads, it was decided that the number 
of moderate overload applications should be 10% of that of the service 
load. The selection of load level was done by applying "Miner's Rule" 
to the overload spectrum (Fig. 8). 
Overload <Pi 1 + 
Overload 
yi <P~ = yi 73.28 l. 
(kips) 
0 - 10 1.07 70 85.8 
10 - 20 1. 20 21 36.3 
20 - 30 1. 34 6 14.4 
30 - 40 1.48 2 6.5 
143.0 
In the above tabulation, y. 's are percentages of the overload 
l. 
traffic which constituted 35.2% of the total traffic. Since the total 
overload application has been chosen to be 10%, Miner's Rule provides 
10 <j> 3 = 0.352 X 143.0 
t 
<j>t Jo. 352 X 143.0 X 0.1 = 1. 71 
-12-
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This was the desired overload truck weight ratio. To develop 
the ratio for the test loads, three modification factors were 
applied: 
(1) For possibility of more than one vehicle on the bridge 
at one given time, a multiple presence factor of 1.08 was used. 
This was based on the high cycle fatigue studies on the Lehigh 
Canal Bridge. 2 
(2) For impact effect: The overload traffic was expected 
to cause a smaller percentage impact effect than· the design 
value. The design impact factor for service load, in accor-
dance with AASHTO Specifications, was 0.27. For the overloads, 
a reduced factor was generated based on a Rayleigh distribution 
and the field test studies on PennDOT Project 72-3. 2 A Rayleigh 
distribution was assumed between a minimum of 0.03 and a maxi-
mum equal to the design value 0.27. A weighted average was 
then calculated on a root mean square basis, which yielded 
1 0.03 + 1.38 x 3 (0.27 - 0.03) = 0.14 (or 14%) 
(3) For lateral distribution of live load: The design of 
this bridge was based on the old AASHO distribution factor of 
s 4 5.5 = 1.682. R h b D V H L h . h u . . 3,6 esearc y r. an orn at e ~g n~vers~ty 
5 had resulted in improved factors. For the bridge under question, 
the new factor was 1.45. (It should be noted that the new 
distribution factor was used only in connection with the overload. 
The service load was based on standard design live-load and 
the design distribution factor). 
-13-
Applying the above factors, the overload ratio for live and 
impact load in one typical interior beam was 
1 71 1 08 1.14 1.45 
• X • X 1.27 X 1.682 1.43 
A rounded overload ratio of 1.40 (140% of service load) was used in 
the moderate overload stage, resulting in a desired maximum jack load 
of 5.3 + 1.40 x (42.9) = 5.3 + 60 = 65.3 kips. Thus, for moderate 
overload, jack loads were oscillated between 5.3 kips minimum and 
65.3 kips maximum. 
e. Severe Overload Test Program (Stage Two) 
The severe overload (stage two) testing program was designed 
to simulate the effects of the extreme overload. The Bartonsville 
Bridge study reported 0.35% of total truck traffic exceeding the legal 
limit by more than 40 kips (or 55%). The highest overload recorded 
was 55 kips (or 75%) above the legal limit (Fig. 8). To accentuate 
the effect of these severe overloads on the cracking behavior of the 
bridge members, the magnitude of the second stage overload test was 
selected to correspond to flexural cracking at the load sections. 
The number of repetitions was then determined according to Miner's 
Rule. 
The severe overload ratio was obtained for the proposed 
loading as shown in the next page. 
-14-
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Bottom Fiber Stress Due to Prestress* = - 2.106 ksi 
Bottom Fiber Stress Due to Specimen Weight = 
Modulus of Rupture = 7.5 )5500 psi* 
Total Applied Moment needed to cause 
flexural cracking 
Jack Force Required = 1528 ft-kips 
16.5 ft. 
Overload Ratio = 92 · 6 - 5 · 3 kips 
42.9 kips 
= 
= 
= 
+ 1. 022 ksi 
0.556 ksi 
1528 ft-kips 
92.6 kips 
2.04 
Applying the same factors for multiple presence, impact, and 
lateral load distribution, as in the moderate overload stage, the 
overload ratio on gross vehicle weight basis for these severe condi-
tions was calculated as follows: 
2 04 1.682 1.27 1 2 44 
• X 1.45 X 1.14 X 1.08 = • 
This segment of the overload test was designed to reproduce 
the effect of the top 1% of the total overload truck traffic. 
yt (2.44) 3 = 0.0035 (1.64) 3 
yt = 0.001 
Therefore, the number of repetitions for this severe over-
load should be 0.1% of the service load application or 1000 applica-
tions per million cycles of service load. The ~oad range was from 
5.3 kips to 92.6 kips on each jack. 
* from Pennsylvania Department of Transportation 
design calculations. 
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2.5 Control of Dynamic Test Loads 
All load values calculated in the preceding sections were 
based on their static effects only. For the fatigue tests, the jack 
loads were applied at a frequency of approximately 250 cycles per 
minute. The forced vibration of the beam specimen caused the internal 
effects (bending moment, shear, stresses) to be higher than those 
calculated on statical basis. A preliminary calculation before test-
ing showed that the beam specimen has a fundamental natural frequency 
of approximately 370 cycles per minute. When subjected to applied 
loads at 250 cycles per minute, the "beating" of frequencies would 
cause a dynamic amplification factor of approximately 1.78, that is, 
the internal responses of specimen would be 78% higher than the static 
effects. Since the dynamic amplification factor is very sensitive to 
the natural and applied frequencies, and since neither of these can be 
accurately determined beforehand, it was decided that the load ranges 
in all repeated load tests would be controlled by midspan deflection 
measurements. 
2.6 Sequence of Test Program 
As shown in the preceding sections, the dynamic testing of 
beam BD240 consisted of 5 miilion cycles of service live and impact 
load applications, plus 500,000 cycles (10%) of moderate overload of 
40% and 5000 cycles (0.1%) of severe overload of 104%. These repeated 
loads were applied in five sequences, each included on~ million 
cycles of service load, and a proportionate amount of the overloads. 
-16-
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Load-deflection relationship of the specimen was needed for 
the control of dynamically applied loads. To acquire this information, 
static load tests were conducted at frequent intervals: before the 
dynamic test, between sequences, and at other selected times. 
It was felt that although the selected dynamic load program 
would be a very severe test of the fatigue behavior of the beam speci-
men, total failure may not develop. In that event, the specimen would 
be statically tested to failure using the same two point loading 
arrangement. 
-17-
3. TESTING OF BEAM BD 240 
The first test specimen of this project, Beam BD 240, was 
transported to Fritz Engineering Laboratory on February 7, 1977 and 
was placed over a simple span of 58 ft. center-to-center on the dynamic 
test bed. For loading purposes, a pair of SO ton Amsler jacks were 
used, each located at 16 ft.-6 in. from one support (Fig. 6). 
Prior to load testing, the side cracks which were found in 
previous PennDOT inspections were examined so that any changes in 
their width during the fatigue test could be monitored. The location 
of crack width measurements and data are given in Fig. 9. Strain gages 
were installed at a cros~-section 20 ft.-6 in. away from the west 
(expansion) support with locations as shown in Fig. lOa. In addition, 
six rosette gages were installed along the centroidal surface of the 
composite section (Fig. lOb), so that the principal stress directions 
at these locations could be found. Deflection gages were used at the 
midspan section. Clip gages were installed across selected side 
cracks to detect any change of width during dynamic testing. 
Fatigue testing was carried out from Eebruary 16 to March 9. 
During this test period, six sequences of loading were applied, each 
consisted of three levels of loading. These levels were the design 
service load (HS 20-44), the moderate overload, at 140% of the 
design service load, representing truck traffic up to 55% above the 
legal limit, and the severe overload, at 204% of the design service 
-18-
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load, which simulated the effect of observed overloads 55% to 75% 
above the legal limit. In between these sequences of loading, static 
tests were performed to find the deflections and strains at various 
locations on the beam. The entire dynamic loading program used in this 
test is shown in Table 1. The total number of cycles, including all 
load levels, was 6,064,700. 
In order to check spacings of the web reinforcements, a 
pachometer (courtesy of Pennsylvania Department of Transportation, 
Bureau of Materials, Testing and Research) was used to locate the 
upper and lower stirrups in the mo·re severely cracked half of the beam. 
Static ultimate load tests were run from March 9 to March 
17. The jack position for the ultimate load test was the same as 
that for the fatigue loading. Ten static tests were made in an effort 
to fail the member. Test No. 1 was carried only to a load high enough 
to establish the bi-linear nature of the load-deflection relationship. 
Most of the other tests were terminated when the 5.5 inch stroke of 
the jacks was reached. Resetting the jacks while holding the beam 
deflected under load enabled the loading to continue. For test No. 9 
and 10, the beam was reset on rollers in order to accommodate the 
large end rotation under extreme loads. This testing phase was ter-
minat_ed after the tenth test when the midspan deflection became 
extremely high and the load-was no longer increasing. The maximum 
load reached was 202 kips per jack. 
Before removal, the beam was cut into three approximately 
equal segments by using pneumatic hammers at a location 2 ft. toward 
midspan from each loading point. The cross-section and the inside 
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of the box were then thoroughly inspected, with particular attention 
paid to the west end of the beam where cracks had occurred before 
any testing was done. The cardboard interior form was completely 
removed, so that the inside could also be examined (Fig. 11). 
Seven cores were then taken from both the slab and the wall 
of the box for cylinder tests so that the concrete strength could 
be determined. The cores were taken at a cross section located 
approximately 6'-0" from the west support. The compressive strength 
of the three cores from the slab were 5760, 6090, and 6130 psi. The 
four cores taken from the south wall of the box had compressive 
strengths of 11,440, 12,100, 10,170, and 9460 psi. 
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4. TEST RESULTS OF BEAM BD 240 
During the fatigue test program, flexure cracks were first 
produced by the static test which preceded the severe overload cycles 
of Sequence 1. A load of 100 kips per jack (approximately 2.2 times 
the equivalent of service live and impact load, see Fig. 12) was 
required to produce the first flexural cracks. Once started though, 
the cracks opened up readily at a much lower load. The moderate over-
load (65.3 kips per jack) was sufficient to cause them to open on each 
cycle. On the severe overload cycles, these cracks opened to approxi-
mately mid-depth of the precast girder. 
The cracks that were formed prior to testing were not af-
fected measurably by the fatigue test. There was practically no 
change in their lengths. The maximum increase in width was only 
0.001 inch. Considering that the measuring device used has a smallest 
division of 0.002 inch, this growth must be considered insignificant. 
The maximum width of any of these cracks was 0.006 in. after the 
fatigue loading (see Fig. 9). 
Table 2 summarized the results of all static ultimate load 
tests.- The results from Test No. 1 are plotted in Fig. 12, showing 
the bi-linear behavior of the specimen. Figure 13 shows the envelope 
of the load versus midspan deflection curves of all these ultimate 
load tests. The discontinuity from Test No. 8 to Test No. 9 was due 
to the change in end supports. The roller supports used in the last 
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two tests provided more resistance to horizontal movement at the expan-
sion end than the rocker used in previous tests. This resulted in the 
beam exhibiting a slighter greater apparent stiffness at large deflec-
tions. 
At the load of 202 kips per jack (equivalent to approximately 
4.7 times the service live and impact load) in the last test, the 
flexural cracks had penetrated 3 inches into the deck slab (Fig. 14) 
and the diagonal cracks near the load points had also extended to the 
deck slab (Fig. 15). A local failure was developing under the jack 
near the expansion end of the member with a vertical crack under the 
jack and a diagonal crack which terminated under the jack. Both 
cracks were open approximately 3/8 in. at the bottom of the beam. 
After the beam was cut into segments the following observa-
tions were made: 
1. The wall thickness varied between 5-1/2 in. and 4-7/8 in. 
as compared to a specified wall thickness of 5 inches. 
2. Stirrups were found to be spaced as shown in Fig. 30. 
Upper stirrups were spaced uniformly but the spacing of 
lower stirrups was not uniform. None of the stirrups 
were rusty. Upper stirrups were vertical whereas lower 
stirrups were inclined asmuch as 15° fromthe vertical. 
The end of the upper stirrups was 5 in. above the bottom 
of the beam and the end of the bottom stirrups was 
18 in. above the bottom of the beam (Figs. 16 and 17) . 
. · 
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3. The visual observations confirmed the pachometer readings 
concerning the web reinforcements. The top stirrups were 
spaced at 12 in. ± 0.5 in. The bottom stirrup spacings 
were somewhat more varied (14.5 in. to 22 in.). The 
concrete cover for the upper stirrups varied from 2 to 
4. 
5. 
3 in. and the lower stirrups were closer to the surface 
(1.3 in. to 1.6 in.)(Fig. 30). 
Cardboard void forms were properly placed in the beam 
and were not collapsed, deformed, or displaced at the 
joints. The thickness of the top wall of the box 
girder varied between 2-3/4 in. and 3 in. Standard 
design plans called for a thickness of 3-1/2 in. 
All cracks produced during testing were visible on 
the inside of the beam but none of the cracks that 
existed prior to testing were vis_ible. 
6. There were no voids or "honeycomb" in the slab or the 
7. 
box. 
Over the center portion of the beam, it was found that 
the slab and the box were separated vertically. This was 
very clearly visible at both cut sections (Figs. 18 and 19). 
This caused the beam to behave as a noncomposite beam near 
the ultimate load and accounted for the very large deflections 
at that stage. This separation could not be detected before 
the member was cut apart since the bottom of the slab was 
lower than the top of the beam on one side, and on the 
other side a metal decking blocked the view. This condition 
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~ncreased the apparent ductility and frustrated our attempts 
to reach ultimate load. 
There were no broken stirrups across the horizontal failure 
plane (of separation). The loss of bond (item 7 above) in the center 
portion of the specimen enabled the slab and the box beam to deflect 
independently. A complete shear failure was averted since the loss 
of bond did not occur in the shear span. The loss of interaction in 
the constant moment region of the member also prevented the develop-
ment of full flexural strength of the composite section. The loss 
of interaction type of failure developed under high loads because 
of the limited capability of the stirrups to resist uplift. Because 
section properties of the member were greater than design values due to 
a larger slab area and higher concrete strength than assumed in design, 
the number of stirrups projecting in the slab were not sufficient to 
resist the uplift forces which developed in the composite section. 
The stirrups were under-designed for the excessive flexural strength 
developed. 
The concrete compressive strengths found from the cores taken 
were 5990 psi for the slab and 10,790 psi for the beam. These were 
significantly higher than the strengths assumed in design which were 
4000 psi for the slab and 5500 psi for the beam. 
The crack pattern of specimen BD 240 after the static ultimate 
testing is shown in Fig. 20. The high concrete strengths were impor-
tant factors in providing fatigue and ultimate strengths in excess of 
minimum requirements. 
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5. TEST PROGRAM FOR BEAM AN 221 
As indicated in Chapter 3, the previously selected fatigue 
overload program, which was designed to simulate the estimated over-
load effect during the projected life time of the bridge, did not 
bring about a fatigue failure of the specimen BD 240 because 
concrete strength exceeded specified strength by more than 50 to 100%. 
The pre-existing side cracks were not affected by the fatigue 
test and no fatigue failure of prestressing strands or reinforcing 
bars occurred. As Beam AN 221 did not exhibit a more severe crack 
condition than specimen BD 240, it was felt that testing the second 
specimen AN 221 with the same program would serve very little useful 
purpose. In order to generate more positive information on the 
fatigue life of these beam members, a more severe loading program 
was selected. 
program: 
1. 
Several factors were considered in selecting the new testing 
The inclined side crack in Beam BS 240 showed 
practically no change in length and width throughout 
the more than six million cycles of fatigue load. 
2. During the ultimate load tests, the first diagonal 
tension crack was observed at a jack load of approxi-
mately 125 kips (2.8 times design service load) 
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and at a position where no inclined cracks had been 
observed previously. 
3. In the previous fatigue program, only 1000 cycles of 
the high overload were applied in each sequence. 
This created operational difficulties because of 
the speed of the pulsating machine, and the time 
needed for the machine to stabilize at the high level. 
4. The increase in concrete strengths due to age of the 
concrete increased both the fatigue strength and the 
ultimate strength compared to assumed design strengths. 
The testing program for Beam AN 221 was designed to increase 
the likelihood of a fatigue failure. An initial static load test 
was made before application of fatigue loads, and carried to 125 kips 
on each jack, approximately equivalent to 280% of design service load. 
It was estimated that this load would produce a diagonal tension crack 
in the beam, in addition to transverse flexural cracks which would 
open at lower loads. The specimen would therefore have both flexural 
and diagonal tension cracks, producing structural defects prior to 
subjecting the beam to the fatigue loading. It was felt that such a 
cracked beam would simulate the worst possible condition of other 
cracked beams on the Conneaut Swamp Bridge. 
As in previous program, the modified fatigue test program 
also included three loading levels: the design service load, the 
moderate overload (65.3 kips), and the "severe" overload (92.6 kips). 
Application of design service loads were extended to six million 
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cycles. These would be applied in segments of one million cycles, each 
segment to be followed by the overload applications to form a sequence. 
The application of the overloads were also intensified. In the pre-
vious testing program, the overload cycles were designed to simulate 
the anticipated future overload traffic spectrum on I-79. A reduced 
impact factor was used for the overload traffic (1.14 versus 1.27). 
To intensify the test program, this beneficial factor was removed in 
the new fatigue test. 
Based on Miner's Rule used before, increasing the impact 
factor for overloads increased the overloads by the factor i:i~ = 1.11. 
Alternately, by increasing the applications of the same overloads by 
a factor (1.11) 3 = 1.38, the equivalent increase in fatigue loading 
could be achieved. Thus, the desired result was achieved by using 
138,000 cycles of the moderate overload and 1380 cycles of the severe 
.overload in each sequence. The number of cycles were further adjusted 
to ease operation at the severe overload, but maintaining the same 
cumulative damage. The application of the severe overload was 
arbitrarily increased to 10,000 cycles per sequence, the cycles for 
the moderate overload were then determined from the following calcula-
tions: 
138,000(1.40) 3 + 1380(2.04) 3 = y(l.40) 3 + 10,000(2.04) 3 
y = 110,000 
-27-
Therefore, each sequence of the new fatigue test program 
consisted of one million cycles of the design service load, 110,000 
cycles of moderate overload and 10,000 cycles of severe overload. 
It was anticipated that this more intensified fatigue loading would 
promote a fatigue failure near the end of the six sequence program, 
and the fatigue life of the second test specimen could be positively 
determined. The ultimate load test would then be dispensed with. 
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6. TESTING OF BEAM AN 221 
Beam AN 221 arrived at Fritz Engineering Laboratory on April 
5, 1978. It was measured to be 59 ft.-8-1/2 in. end-to-end, slightly 
shorter than the previous specimen. Cross-sections at several selected 
locations were measured. The average dimensions are shown in Fig .. 4. 
As was done in the first test, the beam was placed on the dynamic bed 
over a simple span of 58 ft.-0 in. The t~vo loading jacks were pla~ed 
at the same locations, 16 ft.-6 in. from the supports (Figs. 6 and 21). 
The existing side cracks were inspected and crack widths at 
some easily identified point were measured. Location and crack width 
data are given in Fig. 22. Twelve strain gages were installed at the 
cross-section 20 ft.-6 in. from the west support. The arrangement of 
these gages, similar to that of Beam BD 240, is shown in Fig. 23. 
Since the principal stresses that were reflected by the rosette gages 
in the previous test were rather insignificant, the use of these 
gages was dropped for this specimen. 
The initial static test was carried out on April 12. An 
operational problem was encountered in attempting to produce diagonal 
cracks on the specimen. The 50 ton Amsler jacks had a listed maximum 
capacity of 110 kips, less than the 125 kips per load point that was 
called for. It was known that the jacks could be loaded slightly 
beyond their listed capacity without danger, but the deficiency in 
this case was felt to be excessive. As a supplementary loading device, 
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a pedestal, weighing 16 kips, was placed at midspan (Fig. 6). This 
loading configuration disrupted the original intended state in the 
specimen (constant shear in both side spans and constant moment in 
the middle span). However, since the pedestal represented only a 
small portion of the total load, it was felt that such change of 
loading should not affect the outcome of the test. 
The initial static test was started by placing the pedestal 
on the beam. Loads were then applied through 'the jacks, deflection 
and strain readings were taken at jack load intervals of 10 kips 
initially, changed to 5 kips during the later par-t of the test. A 
small diagonal crack was detected at a load of 115 kips per jack. 
The final jack load reached was 119 kips, equivalent to a total load 
of 127 kips at each load point. No other diagonal crack was found. 
Fatigue tests were conducted from Apr,il to May 5. The ped-
estal was not needed for this phase of the testing and all loads were 
delivered by the pulsating.jacks. The fatigue test program consisted 
of six sequences of cyclic loading, each was to include a million 
cycles at the service level, 110,000 cycles of moderate overload 
(140% of service load) and 10,000 cycles of severe overload (204% of 
service load). During the severe overload cycles it was found that the 
desired maximum deflection (corresponding to a statically applied load 
of 92.6 kips at each jack) could not be attained by the full stroke 
capacity of the pulsators due to deflection of test frame, test member 
and leakage of the jacks. 
In order to compensate for this inability to reach the desired 
load, the number of applications was increased in accordance with 
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Miner's Rule (see page 10), so that the cumulative fatigue damage would 
be maintained. The actual maximum equivalent static load range, as 
measured by the deflection at midspan, varied for each sequence. 
Instead of converting for each sequence, a conversion for the entire 
testing program was made. For each sequence, 20,000 cycles of the 
severe overload were applied with the pulsators operating at full 
stroke, and the actual load range was noted. At the end of the sixth 
sequence, the severe overload run was adjust~d so that the total 
desired cumulative fatigue damage was obtained. The complete fatigue 
test program, as actually run, is shown in Table 3a. The salculation 
for equivalent severe overload cycles is shown in Table 3b. In between 
the dynamic tests, static tests were performed to check the deflections 
and strains at the gaged locations. 
A pachometer was used to locate both upper and lower web rein-
forcements across the entire span of the specimen. Special attention 
was paid to the pre-existing side cracks. Both their length and width 
were checked frequently so that any growth would be detected. 
After the fatigue test, the member was cut at locations two 
feet toward midspan from each loading point into three segments. The 
cardb.oard boxes were removed from each shear span and the inside wall 
was thoroughly inspected. The cut cross-sections were examined care-
fully, with particular attention to the placing of the stirrups and 
the thickness of the side walls. To examine these further, a side 
window on one side was opened along one segment (Fig. 24). 
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Three cores were cut from both the box and the slab for 
concrete strength testing. In addition, one small core was taken from 
the beam for concrete mix analysis. The concrete cores were taken 
from the region of the west quarter point of the beam. The compres-
sive strength of the slab cylinders were 8280, 9110 and 8260 psi. 
Concrete cylinders taken from the wall of the box tested 12,060, 9550 
and 12,450 psi. 
\ 
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7. TEST RESULTS OF BEAM AN 221 
In the initial static load test, the transverse shear force 
:in the shear spans reached a maximum value of 127 kips. This load 
produced one very small diagonal crack which formed within one of the 
shear spans. The first flexural cracks were detected at a jack load 
of 90 kips. Several more appeared at slightly higher loads, these 
cracks extended to app~oximately middepth of the beam when the jack 
loads reached 105 kips. At the end of the static test, most of them 
had reached the top of the precast section, with a few penetrating 
2 to 3 inches into the slab. These cracks were all confined to the 
region between the two loading points. The small diagonal tension 
crack which developed during the initial static test was not affected 
by the fatigue test. There was no increase in either its length or 
width. The results of the initial static test is given in Table 4 
and is shown graphically in Fig. 25. 
During the fatigue test, the flexural cracks opened up 
readily at the moderate overload (65.3 kips) and more so at the severe 
overload. There was no increase in the length of these cracks. As in 
the previous test, neither the width or the length of the pre-existing 
cracks were affected. The maximum width of all these cracks remained 
0.004 in. throughout the test. 
After the beam was cut apart the following observations were 
made: 
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1. There were no voids or "honeycomb" in the slab or the box. 
2. All cracks produced during testing were visible on the 
inside wall of the beam but none of the pre-existing cracks 
could be detected. 
3. The cardboard boxes were not collapsed, deformed or dis-
placed at the joints. 
4. Both side walls of the beam showed uneven width across 
the specimen. One wall was measured to run from 5-1/4 in. 
at the east end to 6-1/4 in. at the west end of the 
middle segment, while the other side wall decreased from 
5-1/2 in. to 4-1/2 in. end-to-end in the same direction. 
This indicated that the inside box shifted. 
5. At the cut cross-sections, the legs of the top stirrups 
were observed to bend in toward the inside, leaving only 
approximately 3/4 in. of concrete cover between the 
vertical reinforcement and the inner surface (Fig. 26a). 
One stirrup was directly visible on the interior wall 
(Fig. 26b). This was further confirmed when a side window 
was cut open across one segment (Fig. 27). The minimum 
concrete cover of all such displaced stirrups was 1/8 in. 
The spacing of the vertical reinforcement as found by the 
pachometer was confirmed by the cut window. Along the end zone of the 
beam, the top stirrups were spaced irregularly from 4 in. to 7-1/2 in. 
The spacing of stirrups became larger toward the midspan, varying from 
10-1/2 in. to 13-1/2 in. The bottom stirrups near the support had a 
spacing range of between 8 in. to 13 in., and spacing increased to 
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10-1/2 in. to 19 in. along the center portion of the beam. For 
comparison the design spacings were 6 in. and 12 in. for the top 
stirrups, and 12 in. and 16 in. for the bottom stirrups. Figure 28 
shows the locations of upper and lower stirrups on the south face of 
the east end. Markings showing stirrup locations can also be seen in 
Fig. 29. 
The average concrete strength found from the cores were 
8550 psi for the slab and 11,350 psi for the beam. 
The composition of the concrete piece taken from this beam 
was determined by General Testing Laboratories, Inc. of Allentown, 
using ASTM C85-66 (1973) Method I. The results were as follows: 
Cement Content* 816 lbs./cu/::z::d.+ 
Fine Aggregate 960 lbs/cu.yd. (oven-dry) 
Coarse Aggregate 1950 lbs/cu.yd. (oven-dry) 
Water of Hydration 195 lbs/cu.yd. 
Oven-dry Density of 3923 lbs/cu./yd. 
Concrete 
* Based upon analysis of acid soluble calcium 
+ 8.7 sacks per cubic yard 
The cement factor determined in this analysis is within ± 10% 
of the true value. This indicates a cement factor that is probably 
near the maximum of 8-1/2 sacks per cubic yard permitted by the 
Specifications. This high cement factor is undoubtedly an important 
factor contributing to shrinkage of the concrete. 
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The crack pattern on the south face of specimen AN 221 after 
the fatigue testing is shown in photograph (Fig. 29). The original 
cracks prior to testing are shown as dashed lines and the cracks pro-
duced by static and fatigue testing are shown as solid black lines. 
The crack pattern produced by the loading on this beam consists entirely 
of nearly vertical flexural cracks as did the crack pattern for beam 
BD 240 after fatigue testing. The inclined cracks in BD 240 shown in 
Fig. 20 were produced during the ultimate load tests. 
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8. ANALYSIS AND DISCUSSION OF TEST RESULTS 
8.1 Surface Cracks 
One of the primary concerns which led to this project was the 
proliferation of horizontal cracks on the side faces of the precast 
girders of the bridge. However, throughout the testing of both 
specimens, no increase in the size of cracks could be observed. There 
was no visible extension, nor widening, of the side cracks after the 
six to seven million cycles of fatigue load. During the testing of 
BD 240, a clip gage was installed across a crack at gage location #9 
(see Fig. 9), and crack width was continuously monitored during static 
and fatigue loading using an oscilloscope. No change in the crack width 
was detected, even during the severe overload cycles. It appears 
reasonable to conclude from these observations that the original side 
cracks are not stress related, and are not affected by the traffic 
condition. Consequently, it can also be concluded that these side 
cracks do.not constitute a danger to the structural integrity of these 
beams. 
It is difficult, at this time, to pinpoint the causes for 
these side cracks. However, several observations suggest that 
shrinkage is a major factor. None of the pre-existing side cracks 
were visible from the interior of the precast box. Many of the upper 
stirrups were found to be placed very close to the inner face of the 
side walls. Hence, their effectiveness in controlling horizontal 
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cracking of the outer face was nil. Cracks were observed to terminate 
at the stirrups. The composition of concrete, as determined by the 
analysis of a core sample from the web, showed an unusually high 
cement content, which would cause high shrinkage and creep strains. 
All of the above observations reinforce the suspicion that the side 
cracks may be shrinkage originated and increase in crack length ob-
served on the bridge is to be expected. Environmental rather than 
loading factors are probably responsible for the crack growth ob-
served in the field. 
There are undoubtedly many contributing factors which are in 
part responsible for the crack development observed in the field. None 
of the observations made on the beams point conclusively to a single 
factor that is dominate. The spacing of stirrups as shown on shop 
drawings and as observed in the beam are such that upper and lower 
stirrups are not aligned and proper lap splices do not exist. Con-
crete placing and curing procedures probably contributed to producing 
horizontal cracks also. 
8.2 Fatigue Life of Specimens 
Neither of the two specimens developed a fatigue failure 
under the selected. fatigue load test. Consequently, the fatigue life 
of these composite beam members cannot be definitely estimated, except 
that it is longer than the test spectrum. 
A fatigue failure was anticipated under the loading spectrum, 
particularly after the intensification of the spectrum for the second 
specimen, beam AN 221. However, such a failure did not materialize. 
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This result was in contrast with the recent test by Portland Cement 
Association1 , where fatigue failures developed in precast prestressed 
I-beams within 3 to 5 million cycles of service loads. On closer 
examination, however, it was revealed that the PCA testing program 
resulted in a higher range of stress in the strands than the one 
adopted in this project. Most importantly, the Conneaut Swamp 
Bridge beams were designed using the criterion that no tensile stress 
was allowed in the bottom concrete fiber under full 
while the PCA test specimen used the-new provision 
service load, 
of 6 ~ tensile 
c 
allowable stress. In addition, the PCA specimen contains a pre-
formed flexural crack, which would open on each cycle of applied 
loads. Also, the cross-section pr0perties of the PCA test beams 
resulted in a higher stress range in strands. In contrast, the 
flexural cracks in the Conneaut Swamp Bridge specimens were opened 
only when subjected to overloads. Although a total of six to seven 
million cycles of loads were applied to these specimens, less than 
one million caused the cracks to open. It has been estimated that 
for each cycle of dynamic loading, the stress range exPerienced by 
the lowest prestressing strand was 3.5 ksi at service load, 6 ksi at 
moderate overload and 16 ksi at severe overload. (In comparison the 
stress range for the PCA test has been estimated to be 9 to 12 ksi). 
Because of the predominance of low stress cycles in this test program, 
the fatigue life of the specimens was not reached. Although the 
dynamic load spectrum used in this project was significantly higher 
than the one used by PCA in terms of applied loads, the reverse is true 
when compared on the basis of steel stress range and fatigue effect. 
It appears that the higher allowable tensile stress in concrete, 
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provided by the more recent design specification, has led to members 
with si~ificantly shorter fatigue life. Whether this shorter fatigue 
life is adequate or not is outside the scope of this present project. 
Separate investigation may be desirable to ascertain that consider-
ation. 
8.3 Ultimate Strength 
The ultimate strength test was attempted for specimen BD 240 
only. The specimen behaved in an extremely ductile manner, and 
flexural failure of the cross-s~ction was not brought about. Instead, 
the cast-in-place deck slab and the precast beam separated in the 
constant moment region, causing the loss of composite action. However, 
the maximum load achieved during the testing (202 kips per jack) was 
approximately equal to the calculated ultimate strength based on 
actual concrete strength. In addition, the load-deflection curve of 
the specimen (Fig. 12) is seen to be very nearly horizontal at the 
202 kip load. It is reasonable to suggest that a flexural failure 
was imminent at the time, and that the composite failure was only 
significant as a mode of failure and not indicative of inherent 
weakness in horizontal shear. 
The diagonal tensile mode strength of the specimen was cal-
culated to be significantly higher than the flexural strength. This 
was confirmed in the test, when several diagonal tension cracks 
developed but were arrested by the web reinforcement, without causing 
a complete failure in the shear spans. 
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8.4 Concrete Characteristics 
For both specimens, the concrete compressive strength obtained 
from core tests were significantly higher than the design values. 
While the specified 28 day strengths were 4000 psi for the deck slab 
and 5500 psi for the precast beam, almost twice these values were 
observed. For the beams, the cores showed strengths of 10,790 and 
11,350 psi, respectively for specimens BD 240 and AN 221. The cor-
responding strengths for the deck slab were 5990 and 8550 psi, re-
spectively. The final strength of concrete which is attained after 
a period of years is generally expected to be approximately 150% of 
the 28 day strength. The strength gain exhibited by the concrete in 
these members equals or exceeds expected levels. 
The very high concrete strengths obviously have a positive 
effect on the behavior of the specimens. Because of the underrein-
forced nature of the flexural design of the cross-section, the flexural 
strength is increased approximately 3%. by the increase in concrete 
strength. However, the effect on the shear strength is very significant. 
Thus, the possibility of developing a diagonal tensile type failure is 
reduced. On the other hand, the high concrete strengths have almost 
no effect on the separation mode of failure since the failure surface 
is the interface of the two concretes. These high concrete strengths, 
therefore, support the observation that the controlling failure mode 
of the beam was that of separation. 
The composition of the beam concrete, as determined for the 
second specimen (AN 221), revealed a high cement content of 816 lbs./ 
cu.yd. In a previous research project completed at Lehigh University9 
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a more typical cement content was 705 lbs./cu.yd. for prestressed 
concrete bridge members manufactured in Pennsylvania. The unusually 
high cement content in the concrete of the test member is compatible 
with the high compressive strength and the development of shrinkage 
cracks. 
8.5 Fabrication of Prestressed Box Beams 
In both specimens, the placement of web reinforcement was 
found to be different from spacings shown on the design plans. For 
specimen BD 240, a pachometer was used over approximately one-third 
of the beam. For specimen AN 221, stirrups were located by pachometer 
for the entire length. Furthermore, after the testing, a portion of 
the side wall concrete was removed to expose the stirrups for a visual 
determination of their location. All examinations yielded similar 
findings. 
The spacings of the stirrups varied by as much as 32% from 
the design values. In the end regions, the design spacings are 6 in. 
for the upper stirrups and 12 in. for the lower stirrups. Actual 
spacing varied from 4 in. to 7-1/2 in., and from 10-1/2 to 13-1/2 in., 
respectively (see Figs. 28 and 30). Many of the stirrups were found 
to be iil an inclined position. In specimen BD 240, some of the lower 
stirrups were found to be as much as 15° off its designed vertical 
position. 
A more significant finding was that the legs of some stirrups 
were placed too far from the beam surface. The pachometer soundings 
-42-. 
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of BD 240 (Fig. 30) showed many upper stirrrups to be nearly 3 inches 
from the surface, while the design concrete cover is 2-1/2 in. When 
the side wall concrete was removed in specimen AN 221, it was seen 
that all upper stirrups had their legs farther away from the beam 
surface than the lower stirrups. Figure 27 shows clearly this alter-
nating pattern. This extra thick concrete cover over the upper stir-
rup legs is believed to be a contributing factor in producing the 
side cracks. 
Both from the design plans, and from observations of the 
tested specimens, the upper and lower stirrups are not aligned close· 
to each other. Consequently, they cannot be considered to be spliced. 
No continuity can be expected of these stirrups (Fig. 17). 
Also noticed upon cutting the specimens apart was that the 
inner void was slightly off the center position. A slight zig-zag 
was noticed in the second specimen (AN 221). It appears that the 
fabrication of the prestressed beams was done with only marginal 
quality control. 
8.6 Flexural Behavior of Specimens 
The flexural behavior of the test specimens was studied by 
means of both deflection and strain measurements under static load 
tests. Both specimens showed an initial linear range followed by a 
second nearly linear range reflecting a lower stiffness (Figs. 12 
and 25). Figure 13 showed a further near plastic range for beam 
BD 240, when the ultimate load was approached. This range was not 
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I 
0 
obtained on beam AN 221 since the static load test was not carried I 
to the failure stage. 
The strain data were analyzed to confirm the linear strain I 
distribution and to locate the neutral axis. Both specimens were I 
fascia members on the bridge, and the deck slab portions were slightly 
out of symmetry. Therefore, the principal axes of the composite I 
section are slightly inclined and the vertically applied loads caused I minor biaxial bending of the member. Strain data for each load level 
were fitted by a linear function of both horizontal and vertical I 
distances from the centroid of the composite section, using the 
linear regression method. The empirically determined locations for I 
neutral axes at various load levels for specimen AN 221 are shown in 
Fig. 31. It is seen that the axes remained practically unchanged I 
until the jack loads reached 70 kips. (Note that the 16 kip pedestal I 
was present at midspan throughout this test.) Beyond this load, the 
neutral axis gradually moved upwards, and also rotated to a higher I 
inclination. This was consistent with the formation of a transverse 
crack very near the strain gage No. 4, which later extended to the I 
neighborhood of gage No. 6. As the loads increased, transverse cracks I 
penetrated higher into the beam, reducing the out-of-symmetry of the 
effective section. At high loads, the neutral axis was nearly hori- I 
zontal, and almost at-the top of the precast beam. I 
Additional photographs with descriptive titles have been 
included in Appendix A in order to present a more complete documenta- I 
tion of observations made during the testing of the two beams. I 
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9. CONCLUSIONS 
·The static and dynamic testing of the two specimens from the 
Conneaut Swamp Bridge led to the following conclusions. 
1. The ultimate strength of Beam BD 240 was limited by the 
horizontal shear strength of the composite section. 
Slab and beam exhibited separation in the midspan region 
between load points at loads approximately equal to the 
expected ultimate strength. In testing the second beam 
an ultimate load test was not considered because it was 
anticipated that a horizontal shear mode of failure 
would result and that the ultimate strength would be high 
due to the higher concrete compression strength. 
2. Several factors contributed to the formation of the observed 
horizontal cracks on the beam faces. Stirrups were found 
to be bent to improper dimensions, and also spaced irregu-
larly. The cement content of the beam concrete (see 
Appendix B) was found to be near the upper limit permitted 
by the Specifications in effect at the time. The high 
cement content would result in high shrinkage strain, 
which when restrained tends to promote cracking. As a 
result of irregular spacing and improper placement the 
stirrup steel is near the interior surface of the precast 
beam and was not effective in preventing the development of 
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these environmentally induced cracks. (It was not possible 
to separately assess these effects. However, the improperly 
bent stirrups and their misplacement are believed to be the 
primary contributing factors.) 
3. Crack widths may be large enough on some members to warrant 
sealing, although crack widths observed on the two test 
beams were less than 0.006 in. 
4. A testing program was developed for Beam BD 240 that 
subjected the beam to a spectrum of loading comparable 
to the expected future traffic spectrum at the bridge 
site. A more severe loading spectrum was applied in 
the case of AN 221 which was precracked to reduce any 
beneficial effect of high concrete strength on fatigue 
performance. Fatigue failure was not developed in either 
test. There was no horizontal shear failure in Beam 
AN 221. 
5. The development of side cracks is primarily due to the 
shrinkage and thermal strains in concrete, and is unrelated 
to loads. Since these strains are time dependent, periodic 
inspections should be made to document if and when a stable 
crack pattern develops. Sealing of cracks should be con-
sidered after the crack pattern becomes stable and the 
lengthening and development of new cracks is negligible. 
6. The static and fatigue strength of the members as judged 
from the results of this testing program exceed the design 
requirements and the bridge is considered safe for future 
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loading so long as the condition of the beams remains 
comparable to that of the beams tested. If defects are 
observed in the future that include cracks wider than 
0.010", cracks that are vertical or diagonal in direction 
or cracks that exhibit rust or corrosion stains, the 
safety of the bridge must be reviewed considering the 
condition of the members at that time. 
7. The cracks that were identified in the two beams prior 
to testing did not increase in width nor extend in 
length during fatigue testing or ultimate load testing 
of BD 240. All cracks of significant width at ultimate 
load were cracks produced during testing. Inspection of 
the interior of both beams after testing revealed that 
none of the initial cracks appeared on the interior 
although all significant cracks produced during testing 
were clearly visible on the inside. 
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TABLE 1 SUMMARY OF FATIGUE TESTING PROGRAM FOR BEAM BD 240 
Design 
Service 
Load 
Moderate 
Overload 
(140% of 
1 Service 
t; Load) 
I 
Severe 
Overload 
(204% of 
Service 
Load) 
Load 
per Jack Seq. 1 
5.3 - 48.3k 1,016,300 
5.3 - 65.3k 100,000 
5.3 - 92.6k 2,000 
Seq. 2 
1,000,000 
95,500 
1,600 
Note: For definition of sequence, see page 18 
Seq. 3 Seq. 4 Seq. 5 
1,006,300 950,100 984,2000 
118,000 91,200 95,000 
1,000 1,000 1,000 
Seq. 6 Total 
4,956,900 
591,500 1,091,200 
10,000 16,600 
-------------------
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TABLE 2 SUMMARY OF ULTIMATE LOAD TESTS FOR BEAM BD240 
Maximum Maximum 
Load Midspam 
Test per Jack Deflection 
No. Date (kips) (inch) 
1 3-10 115 0.987 
2 3-11 a.m. 170 4. 774 
3 3-11 p.m. 160 4.530 
4 3-11 p.m. 175 5.271 
5 3-14 a.m. 185 6.161 
6 3-14 p.m. 190 6.180 
7 3-14 p.m. 195 8.572 
8 3-15 196 10.681 
9 3-17 201 10.942 
10 3-17 202 15.820 
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TABLE 3(a) SUMMARY OF FATIGUE TEST PROGRAM FOR BEAM AN 221 
Design Service 
Load 1,125,400 961,300 1,367,800 766,100 543,000 1,251,400 6,015,000 
(5.3 - 48.3 kips) 
Moderate Overload 
(140% of Service 115,000 91,000 106,000 Load) 87,700 146,300 188,000 
734,000 
(5.3 - 65.3 kips) 
I 
IJl Severe Overload 0 
I (204% of Service 10,000 20,000 20,000 20,000 20,000 39,000 129,000 Load) 
(5.3 - 92.6 kips) 
Attained Severe 
Load Range* 61.7 66.9 70.0 68.0 67.1 68.5 
(kips) 
Grand Total 6.878,000 
~'( desired load range was 87.3 kips (from 5.3 The to 92.6 kips, 204% of 
Service load) on each jack. 
This range was not achieved on account of the flexibility of the specimen 
(see page 30 for discussion). 
-------------------
-------------------
TABLE 3(b) EQUIVALENCE OF HIGH OVERLOAD TEST FOR BEAM AN221 
Seq. 1 Seq. 2 Seq. 3 Seq. 4 Seq. 5 Seq. 6 Total 
Severe Overload. 
Cycles Actually 10,000 20,000 20,000 20,000 20,000 39,000 
Ran (Y ) 
a 
Load Range 
I Actually Achieved·. · 61.7 66.9 70.0 68.0 67.1 68.5 lJl 
1-' (kips) <<t>) I 
Equivalent Cycles ·· 
of Desired Load 3,542* 9,031 10,346 9,484 9,113 18,905 60,421 
Range (Y ) 
e 
(<I> 
e 
87.2 kips) 
* 3 3 From Miner's Rule, ye (<f>e) = ya (<f>a) (see page 10) 
For Sequence 1 y x 87.2 3 = 10,000 x 61.73 
e 
3542 
TABLE 4. INITIAL STATIC TEST RESULTS OF BEAM AN221 
Midspan 
Load Deflection 
(kips) (in.) 
0 0 
pedestal 0.056 
10 0.102 
20 0.150 
30 0.197 
40 0.240 
50 0.290 
60 0.342 
70 0.400 
80 0.459 
90 0.555 
95 0.654 
100 0.826 
105 0.915 
110 1.167 
115 1.400 
119 1.606 
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Fig. 1 Partial View of the Conneaut Swamp Bridge 
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Fig. 9 Heasured Crack Widths for Beam BD240 
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Fig. 14 Flexural Cracks Reaching into the Slab at 
a Load of 202 kips per Jack (Beam BD240) 
Fig. 15 Diagonal Tension Cracks on Beam BD240 
After the Ultimate Load Test 
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Fig. 16 Vertical Upper Stirrup with its End Approximately 
5 inches above the Bottom of the Beam 
Fig. 17 Upper Stirrup on Left and Lower Stirrup on Right. 
Amount of overlap is clearly adequate but space 
between bars results in poor splice. 
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Fig. 18 The Slab and the Box Beam Can be Seen to 
be Separated at the Cut Cross-Section 
Fig. 19 A Close-up Picture Showing More Clearly the Separation 
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Fig~ 21 Beam AN221 Under Fatigue Loading 
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Fig. 22 Measured Crack Widths for Beam AN221 
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Fig. 25 
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Fig. 26(a) The Upper Stirrup is Observed to 
be too Close to the Inner Wall at 
this Cut Cross-Section of Beam AN 221 
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Fig. 26(b) One Stirrup is Visible on the Inner 
Wall Close to the Cut Cross-Section 
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Fig. 27 Some Stirrups Observed at the Side Window 
Do Not Have Enough Concrete Cover 
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The clear dark vertical lines are the flexural cracks developed during the test, 
the faint vertical lines are locations of stirrups detected by the pachometer, and 
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the dotted lines are the side cracks on the specimen prior to any test load being applied. 
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Fig. 30 Locations and Depths of Stirrups on Beam BD 240 
--
WEST 
END 
I 
00 
0 
I 
-
-
-
I 
~ 
' 
PRINCIPAL 
AXES 
- r<--_ 
-
"" 
~ 
• 
Fig. 31 Locations of Neutral Axis at Various Load Levels for Beam AN 221 
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APPENDIX A ADDITIONAL PHOTOGRAPHS OF TEST BEAMS 
Fig. lA This shows Beam BD 240 during the ultimate load test 
with midspan deflection at approximately 10 inches. 
The maximum midspan deflection was 15.82 inches. 
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Fig. 2A The diagonal crack is shown in Beam BD 240. The core 
was cut through the existing crack prior to removal 
of beam from bridge. During the ultimate load test 
another steeper diagonal crack formed in the same 
area passing through the bottom of the core. 
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Fig. 3A This photograph shows the core of Fig. 2A on the 
inside surface of the box. The crack produced 
during the ultimate load test through the bottom 
of the core is visible but the original crack 
through the center of the core is not visible 
on the inside surface. 
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Fig. 4A A region of Beam BD 240 in the west shear span is 
shown where an almost continuous initial horizontal 
crack existed. This is near the west load point 
and a family of diagonal cracks converge toward the 
load point. Cracks produced during testing cross 
the original horizontal cracks but do not tend to 
change direction or follow the initial cracks. 
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Fig. SA This photograph shows the window cut through the wall 
of Beam AN 221 to expose stirrups. The upper end of 
the lower stirrups are visible showing the amount of 
overlap of stirrups. The bottom of the upper 
stirrups are visible in Figs. 16 and 26 of the report. 
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